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S u m m a r y  
 
B a c k g r o u n d .  Infections are the main cause of 
morbidity and mortality in children with cancer or 
undergoing stem cell transplantation.  
O b j e c t i v e .  The aim of this study was the analysis of 
incidence and outcome of bacterial, fungal and viral 
infections in Polish centers of pediatric hematology and 
oncology (PHO) and pediatric hematopoietic stem cell 
transplantation (HSCT) units over a period of 24 months: 
iPhot-13 project.  
P a t i e n t s  a n d  m e t h o d s .  During the analyzed 
period a total number of 1768 patients were newly-diagnosed 
for malignancy and 308 HSCTs were performed in 
participating centers. A total number of 2556 infections were 
reported. 
R e s u l t s .  The incidence of patients with at least one 
episode of microbiologically documented infections with 
bacteria etiology was 26.3% among children undergoing 
chemo- and/or radiotherapy, and 34.1% among children 
undergoing hematopoietic stem cell transplantation. The 
incidence of patients with at least one episode of fungal 
infection was 7.6% among children undergoing chemo- 
and/or radiotherapy, and 27.3% among children undergoing 
hematopoietic stem cell transplantation. The incidence of IFI 
was prominently high in ALL (13.0% in PHO setting, and 
31.3% in HSCT setting) and AML patients (43.2% in PHO, 
and 44.7% in HSCT setting). Viral infections reached 9.3% 
of patients in PHO setting, including a group of previously 
transplanted patients. The incidence of viral infections in 
HSCT setting reached 41.2%. This rate reached 51.3% 
children after allo-HSCT and 10.5% after auto-HSCT. 
C o n c l u s i o n s .  Emerging data from Polish pediatric 
oncohematology and hematopoietic stem cell transplant 
centers indicate high incidence of infectious complications in 
pediatric population. Rate of bacterial infections is similar to 
those reported in international studies. The incidence of IFI 
in ALL and AML is much higher than it was recently 
anticipated. Viral infections occur in half of transplant 
patients and might severely compromise the benefit of 
transplant.  
 
S t r e s z c z e n i e  
 
W s t ę p .  Zakażenia mogą być częstą przyczyną 
chorobowości i śmiertelności wśród dzieci z chorobami 
nowotworowymi lub poddawanymi przeszczepieniu komórek 
krwiotwórczych.  
C e l .  Analiza częstości i zejścia zakażeń bakteryjnych, 
grzybiczych i wirusowych  w polskich pediatrycznych 
ośrodkach onkohematologii (PHO) i/lub przeszczepiania 
komórek krwiotwórczych (HSCT) w okresie 24 miesięcy: 
projekt iPhot-13.  
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P a c j e n c i  i  m e t o d y k a .  W badanym okresie w 
ośrodkach uczestniczących w projekcie u 1768 dzieci 
rozpoznano chorobę nowotworową oraz wykonano 308 
HSCT. Zgłoszono 2556 przypadków zakażeń. 
W y n i k i .  Odsetek pacjentów z co najmniej jednym 
epizodem zakażenia bakteryjnego wynosi 26,3% wśród 
dzieci z oddziałów PHO oraz 34,1% wśród dzieci po HSCT. 
Częstość inwazyjnych zakażeń grzybiczych wynosi 7,6% u 
pacjentów PHO oraz 27,3% wśród dzieci po HSCT. Częstość 
IFI była szczególnie wysoka u dzieci z ALL (PHO-13,0%, 
HSCT-31,3%) i AML (PHO-43,2%, HSCT-44,7%). 
Zakażenia wirusowe wystąpiły u 9,3% dzieci z oddziałów 
PHO. Częstość zakażeń wirusowych po HSCT wyniosła 
41,2%, w tym 51,3% po allo-HSCT oraz 10,5% po auto-
HSCT. 
W n i o s k i .  Pojawiające się dane z polskich 
pediatrycznych ośrodków PHO i HSCT wskazują na wysoką 
częstość powikłań infekcyjnych w populacji dziecięcej. 
Odsetek zakażeń bakteryjnych jest porównywalny do danych 
międzynarodowych. Częstość zakażeń grzybiczych jest 
wyższa niż dane dostępne z ostatniej dekady. Infekcje 
wirusowe występują u połowy pacjentów HSCT i mogą 
niweczyć efekt wykonanych transplantacji.  
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Infections are the main cause of morbidity and 
mortality in patients with cancer or undergoing stem 
cell transplantation [1]. Children with hematologic 
malignancies are especially susceptible to bacterial, 
fungal and viral infections due to abnormality of the 
basic mediators of immunity. Factors that predispose a 
child to infection include: alterations of the body’s 
natural barriers, presence of central venous catheters, 
alteration of the innate immune system and acquired 
immunity, and intensive oncologic and supportive 
therapy. 
No analysis on epidemiology of infections in 
pediatric hematology, oncology or stem cell 
transplantation in Poland had been performed until an 
initiative within Polish Society of Pediatric Oncology 
and Hematology was undertaken in 2013 to collect 
data on infections in pediatric hematology, oncology 
and stem cell transplant unit. This project was named: 
Infections in Polish pediatric hematology, oncology 
and stem cell transplant setting 2013 (iPhot-13). 
The objective of this study was the analysis of 
incidence and outcome of bacterial, fungal and viral 
infections in Polish centers of pediatric hematology 
and oncology (PHO) and pediatric hematopoietic stem 
cell transplantation (HSCT) units over a period of 24 
months (2012-2013). 
 
PATIENTS AND METHODS 
 
14 pediatric centers of hematology and oncology 
and 5 pediatric stem cell transplantation units 
participated in this retrospective study. Bacterial, 
fungal and viral infections were reported in each 
participating center and data were sent to Chair of 
Pediatrics, Hematology and Oncology in Collegium 
Medicum in Bydgoszcz, which coordinated this project 
(iPhot-13).  
All consecutive infections with ‘alert pathogens’ as 
well as selected viral infections diagnosed between 
1.01.2012-31.12.2013 were included into the study. 
Patients undergoing HSCT were included into standard 
anti-infectious prophylactic procedures [2]. 
Bacterial and fungal infections reported as ‘alert 
pathogens’ listed in the Official Journal of Law 
(Dziennik Ustaw; Dz.U. z 2011 nr 294 poz. 1741; 
Supplement 1) were the subject of the analysis (Table 
1). Viral infections were reported also according to this 
list and supplemented by infections caused by: 
herpesviruses (except herpes simplex virus), 




Basic characteristics and outcome of infections 
were analyzed for all reported cases of infections. 
Incidence of infections was analyzed only for the first 
(bacterial, fungal or viral) infection, only for patients 
with newly diagnosed malignant disease between 
1.01.2012-31.12.2013 in PHO setting and for 
transplants performed in this period for HSCT setting. 
Categorical variables were compared with chi-square 
test, while non-categorical variables were compared 
with Mann-Whitney U test. Incidence, cumulative 
incidence of infections and survival from infections 
were determined by Kaplan-Meier method and 
compared with log-rank test. All reported p-values are 
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Table 1. List of alert pathogens 








Staphylococcus aureus resistant to methicillin (MRSA) or 
glycopeptides (VISA or VRSA) or oxazolidinones; 
Gronkowiec złocisty (Staphylococcus aureus) oporny na 
metycylinę (MRSA) lub glikopeptydy (VISA lub VRSA) lub 
oksazolidynony; 
2 
Enterococcus spp. resistant to glycopeptides (VRE) or 
oxazolidinones; 





Enterobacteriaceae spp. Bacteria producing extended spectrum 
of beta-lactamases (e.g. ESBL, AMPC, KPC) or resistant to 
carbapenems or two other groups of antibiotics or polymyxins; 
pałeczki Gram-ujemne Enterobacteriaceae spp. wytwarzające 
betalaktamazy o rozszerzonym spektrum substratowym (np. 
ESBL, AMPC, KPC) lub oporne na karbapenemy lub inne 
dwie grupy leków lub polimyksyny; 
4 
 
Pseudomonas aeruginosa strains resistant to carbapenems or 
two other groups of antibiotics or polymyxins; 
pałeczka ropy błękitnej (Pseudomonas aeruginosa) oporna na 
karbapenemy lub inne dwie grupy leków lub polimyksyny; 
5 
 
non-fermenting strains Acinetobacter spp. resistant to 
carbapenems or two other groups of antibiotics or polymyxins; 
pałeczki niefermentujące Acinetobacter spp. oporne na 
karbapenemy lub inne dwie grupy leków lub polimyksyny; 
6 
 
pathogenic strains of anaerobic bacteria Clostridium difficile 
and their toxins A or B; 
szczepy chorobotwórcze laseczki beztlenowej Clostridium 
difficile oraz wytwarzane przez nie toksyny A i B; 
7 
anaerobic bacteria Clostridium perfringens; 
laseczka beztlenowa Clostridium perfringens; 
8 
Streptococcus pneumoniae resistant to cephalosporines III 
generation or penicillin; 
dwoinka zapalenia płuc (Streptococcus pneumoniae) oporna na 
cefalosporyny III generacji lub penicylinę; 
9 
fungi Candida resistant to fluconazole or other azoles or 
candines; 
Grzyby Candida oporne na flukonazol lub inne leki z grupy 











respiratory syncytial virus (RSV); 
wirus syncytialny (RSV); 
14 
hepatitis B virus (HBV); 
wirus zapalenia wątroby typu B (HBV); 
15 
hepatitis C virus (HCV); 
wirus zapalenia wątroby typu C (HCV); 
16 
human immunodeficiency virus (HIV); 
wirus nabytego niedoboru odporności u ludzi (HIV); 
17 
 
pathogens isolated from blood or cerebro-spinal fluid, causing 
generalized or invasive infection;  
biologiczne czynniki chorobotwórcze izolowane z krwi lub 
płynu mózgowo-rdzeniowego, odpowiedzialne za uogólnione 
lub inwazyjne zakażenia. 
 
Table 2. Incidence of infections in patients PHO and HSCT 
centers 
Tabela 2. Częstość zakażeń u pacjentów w ośrodkach PHO i 
HSCT 
 
Infections PHO HSCT 
Bacterial 26.3% 34.1% (allo-35.8%; auto-30.3%) 
Fungal 7.6% 27.3% (allo-30.6%; auto-17.1%) 





Over a period of 24 consecutive months between 1-
01-2012 and 31-12-2013, a total number of 1768 
patients were newly diagnosed for malignancy in 14 
centers of pediatric hematology and oncology, 
including 430 with ALL (acute lymphoblastic 
leukemia), 81 with AML (acute myeloblastic 
leukemia), 108 with NHL (non-Hodgkin lymphoma), 
110 with HD (Hodgkin disease) and 1012 with solid 
tumors. During this period, a total number of 308 
hematopoietic stem cell transplantations (HSCT) were 
performed in 5 transplant centers.  
 
Infections 
During this period, following total number of 2556 
infections were reported, including 1343 bacterial, 286 
fungal, and 259 viral ones in PHO centers, and 281 
bacterial, 126 fungal, and 261 viral infections in HSCT 
centers. Total number of reported infections included 
also multiple infections, recurrent infections (with the 
same or other pathogen) and colonizations.  
 
Bacterial infections in PHO centers 
A total number of 1343 records on bacterial 
infections were reported in 2012-2013. Median time 
from the diagnosis of malignancy to occurrence of 
infection was 4.5 (0-91) months, median time of 
therapy 10 (0-93) days. Survival rate after bacterial 
infections was 98.2%. A total number of 1191 bacterial 
strains were identified, including 456 (38.3%) with 
MDR phenotype. 
A total number of patients newly-diagnosed for 
malignancy after 1.01.2012 with at least one bacterial 
infection were 465. The overall incidence of bacterial 
infections was 26.3% (465/1768) (Table 2), with 
incidence of 40.9% (176/430) for ALL, 58.0% (47/81) 
for AML, 37.0% (40/108) for NHL, 12.7% (14/110) 
for HD and 15.6% (158/1012) for solid tumors. 
 
Bacterial infections in HSCT centers 
A total number of 281 records on bacterial 
infections were reported in 2012-2013. After exclusion 
of multiple data, 189 bacterial infections, 55 
colonizations and one case of tuberculosis were 
defined. Median time from transplantation to 
occurrence of infection was 0.6 (-1.9-23) month, 
median time of therapy 14 (1-196) days. Survival rate 
after bacterial infections was 96.0%. A total number of 
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190 bacterial strains were identified, including 146 
(76.8%) with MDR phenotype. 
A total number of patients transplanted after 
1.01.2012 with at least one bacterial infection were 
105. The overall incidence of bacterial infections was 
34.1% (105/308), with incidence 35.8% (83/232) for 
allo-HSCT, 30.3% (23/76) for auto-HSCT, 43.3% 
(29/67) for ALL, 23.8% (14/47) for AML, 18.5% 
(5/27) for NHL/HD and 15.8% (6/38) for SAA (severe 
aplastic anemia). 
 
Fungal infections in PHO centers 
A total number of 286 records on fungal infections 
were reported in 2012-2013. After exclusion of 
multiple data and FUO episodes, 231 fungal infections 
were defined, including 39 proven, 53 probable and 
139 possible IFI (invasive fungal infections). The total 
number of IFI was 103 in 2012 and 128 in 2013. Out of 
this number, 71.4% (165/231) of the IFI was reported 
in acute leukemia patients: 102 in ALL (9 proven, 30 
probable and 63 possible), and 63 in AML (8 proven, 
13 probable and 42 possible).  
A total number of patients newly-diagnosed for 
malignancy after 1.01.2012 with at least one IFI were 
136 (21 proven, 32 probable, 94 possible). The 
incidence of IFI among PHO patients was 7.6% 
(136/1768), including proven IFI in 1.2%  (21/1768), 
probable IFI in 1.8% (32/1768), and possible IFI in 
5.3% (94/1768) patients. The incidence of IFI among 
ALL patients was 13.0% (56/430), including proven 
IFI in 0.7%  (3/430), probable IFI in 4.1% (18/430), 
and possible IFI in 9.5% (41/430) patients. The 
incidence of IFI among AML patients was 43.2% 
(35/81), including proven IFI in 2.4%  (2/81), probable 
IFI in 9.8% (8/81), and possible IFI in 34.6% (28/81) 
patients.  
Data on survival from IFI were available for 127 
patients, with positive outcome in 90.6% (115/127) 
patients. The rate of survival from IFI was 88.2% 
(15/17) for proven IFI, 88.9% (24/27) for probable IFI 
and 91.6% (76/83) for possible IFI (p=ns). Combined 
antifungal therapy was administered in 34 cases, with 
positive outcome in 88.2% (30/34) cases, in 
comparison to 93.4% (85/91) of survival rate for 
patients on monotherapy (p=ns).  
 
Fungal infections in HSCT centers 
A total number of 126 records on fungal infections 
were reported in 2012-2013. After exclusion of 
multiple data and FUO episodes, 116 fungal infections 
were defined, including 13 proven, 48 probable and 55 
possible. The total number of IFI was 45 in 2012 and 
71 in 2013. Half (58/116) of the IFI cases were 
reported in acute leukemia patients: 30 in ALL (5 
proven, 11 probable and 14 possible) and 28 in AML 
(3 proven, 9 probable and 16 possible).  
A total number of patients transplanted after 
1.01.2012 with at least one IFI were 84 (11 proven, 29 
probable, 44 possible). The incidence of IFI among 
HSCT patients was 27.3% (84/308), including proven 
IFI in 7.1%  (22/308), probable IFI in 9.4% (29/308), 
and possible IFI in 14.3% (44/308) patients. The 
incidence of IFI among allo-HSCT patients was 30.6% 
(71/232), including proven IFI in 3.4%  (8/232), 
probable IFI in 12.1% (28/232), and possible IFI in 
15.1% (35/232) patients. The incidence of IFI among 
auto-HSCT patients was 17.1% (13/76), including 
proven IFI in 3.9%  (3/76), probable IFI in 1.3% 
(1/76), and possible IFI in 11.8% (9/76) patients. The 
incidence of IFI among ALL patients was 31.3% 
(21/67), including proven IFI in 4.5%  (3/67), probable 
IFI in 13.4% (9/67), and possible IFI in 13.4% (9/67) 
patients. The incidence of IFI among AML patients 
was 44.7% (21/47), including proven IFI in 6.4%  
(3/47), probable IFI in 12.8% (6/47) and possible IFI in 
25.5% (12/47) patients. 
Data on survival from IFI were available for 76 
patients, with positive outcome in 77.6% (59/76) 
patients. The rate of survival from IFI was 90.9% 
(10/11) for proven IFI, 67.9% (19/28) for probable IFI 
and 81.1% (30/37) for possible IFI (p=ns). Combined 
antifungal therapy was administered in 16 cases, with 
positive outcome in 93.8% (15/16) cases, in 
comparison to 79.2% (38/48) of survival rate for 
patients on monotherapy (p=0.052). No statistical 
differences were observed in survival rate from IFI 
between auto- vs allo-HSCT patients, as well as 
between ALL vs AML patients. Kaplan-Meier analysis 
of survival from IFI in 98 available cases showed 
probability of survival at 75.5% (0.75±0.04), and 
92.3%, 61.5%, and 82.6% for proven, probable and 
possible IFI, respectively. 
 
Viral infections in PHO centers 
A total number of 259 records on viral infections 
were reported in 2012-2013. After exclusion of excess 
data (e.g. on HSV), a total number of 251 viral 
infections were analyzed, including 152 rotavirus 
(RV), 38 cytomegalovirus (CMV), 15 influenza (FLU), 
14 varicella-zoster (VZV), 12 Epstein-Barr virus 
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(EBV), 11 adenovirus (ADV), 4 respiratory syncytial 
virus (RSV), 2 polyomavirus (BKV), 1 hepatitis B 
virus (HBV), 1 hepatitis C virus (HCV), and 1 human 
herpesvirus-6 (HHV6). The latent infections occurred 
in children at all ages, with median age 9.0 years for 
CMV; 7.1 years for EBV; 14.8 years for BKV and 10.7 
years for VZV. However, RV and sporadic respiratory 
viruses affected mainly younger children, with median 
age of 2.8 years for RV; 3.0 years for ADV; 3.0 years 
for FLU and 3.5 years for RSV. 
A total number of patients newly-diagnosed for 
malignancy after 1.01.2012 with at least one viral 
infection were 165. The overall incidence of viral 
infections was 9.3% (165/1768), with incidence of 
5.7% (100/1768) for rotavirus, 0.7% (13/1768) for 
FLU, 0.4% (7/1768) for ADV, 0.2% (4/1768) for RSV, 
1.0% (17/1768) for CMV, 0.6% (10/1768) for EBV, 
0.5% (9/1768) for VZV and 0.1% (1/1768) for BKV, 
HHV6, HBV and HCV. 
Survival rate was 80% (12/15) for patients with 
influenza, and 100% for all other viral infections in 
PHO setting. 
 
Viral infections in HSCT centers 
In HSCT setting, viruses are divided as latent 
(herpesviruses and BKV) and sporadic  (ADV, RV, 
FLU and CARV). A total number of 259 records on 
viral infections were reported in 2012-2013. After 
exclusion of excess and multiple data, a total number 
of 205 viral infections were analyzed, including 197 
after 232 allo-HSCT, 8 after 76 auto-HSCT.  
Infections occurred in 119 (51.3%) allo-HSCT 
patients, and in 51.2% of them multiple infections were 
reported: infection with 1 virus was found in 58 
patients, with 2 viruses in 29, with 3 in 16, and >3 in 
16 patients. Cumulative incidence of viral infections in 
allo-HSCT was: CMV-28.0%, BKV-18.5%, EBV-
15.5%, ADV-9.5%, RV-9.1%, VZV-2.6%, FLU-0.9%, 
HHV6-0.9%, HBV-0.3%.  
Following infections were reported in 8 (10.5%) 
patients after auto-HSCT: RV-4, CMV-2, ADV-1, 
BKV-1. No differences were found between viral 
infections with respect to patient age and median time 
of infection after transplant (median time from 0,8 to 
2,4 months), except for late VZV infections (median 
6,5 months).  
Survival rates were lowest after infections with 
EBV (90.7%), ADV (93.8%), BKV (94.2%), and CMV 
(94.6%), while it was 100% after FLU, HBV, VZV, 
HHV6 or RV infections.   
DISCUSSION 
 
This paper presents for the first time in our country, 
epidemiological data on infections in Polish pediatric 
oncohematology centers and hematopoietic stem cell 
transplant units. During the analyzed period of 24 
months, the incidence of patients with at least one 
episode of microbiologically documented infections 
with bacteria etiology was 26.3% among 1768 children 
undergoing chemo- and/or radiotherapy, and 34.1% 
among 308 children undergoing hematopoietic stem 
cell transplantation. These results match those obtained 
in studies performed by other centers [3-5]. Mikulska 
et al. showed documented bacterial blood-stream 
infections in 34% HSCT patients, and the incidence of 
35% MDR bacteria among Gram-negative strains [3]. 
Gil et al. showed documented bacterial infections in 
38.9% high-risk patients after auto-HSCT [5]. In 
Italian centers, the rate of MDR phenotype among 
Pseudomonas aeruginosa strains in children 
undergoing CHT or HSCT was 31.4% [4].  
The incidence of patients with at least one episode 
of fungal infection was 7.6% among children 
undergoing chemo- and/or radiotherapy, and 27.3% 
among children undergoing hematopoietic stem cell 
transplantation. The incidence of IFI was prominently 
high in ALL (13.0% in PHO setting, and 31.3% in 
HSCT setting) and AML patients (43.2% in PHO, and 
44.7% in HSCT setting). It seems that the incidences 
were higher than in previously reviewed data [6,7]. We 
also observed higher number of IFI in 2013 in 
comparison to the previous year. Importantly, the ratio 
of proven, probable and possible infections in Polish 
pediatric centers is comparable to data reported in 
international sources. 
Viral infections were relatively infrequent in PHO 
setting, and reached 9.3% of patients, including a 
group of previously transplanted patients. It should be 
stressed that latent infections do not play a major role 
in PHO patients, thus infections with CMV, EBV and 
BKV have usually reactivated in patients after HSCT, 
previously treated in transplant centers. On the other 
hand, the incidence of viral infections in HSCT setting 
reached 41.2%. This rate reached 51.3% children after 
allo-HSCT and 10.5% after auto-HSCT, and also 
multiple and recurrent viral infections occurred 
frequently. It is important to underline that infections 
with CMV, EBV, BKV or ADV resulted in 5-10% of 
deaths due to respective virus. In many international 
reports it is stressed that viral infections after HSCT 
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are an important issue and contribute to significant 
morbidity and mortality [8-12]. 
In conclusion, data emerging from Polish pediatric 
oncohematology and hematopoietic stem cell 
transplant centers indicate high incidence of infectious 
complications in pediatric population. Rate of bacterial 
infections is similar to those reported from 
international centers. With respect to fungal infections, 
our data suggest that the incidence of IFI in ALL and 
AML in both PHO and HSCT settings is much higher 
than it was recently anticipated. Finally, viral 
infections occur in half of transplant patients and might 
severely compromise the benefit of transplant.  
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